CHEEE I R wOAROKR A G Bk B 2 RO Vol.54  No.6
2024 # 11 H Journal of Jilin University(Earth Science Edition) Nov. 2024

TR, REAR XU, T LU AT P X A SR 2 e SCEL A K LD R R AR B A R R ST MROR 2 2 4 b R R 2 D L 2024
54(6):2089 —2113. doi: 10.13278/j.ani.jjuese.20240210.

Zhang Jinming, Tang Huafeng, Lei Hangshan, et al. Volcanic Facies Model and Reservoir Significance of Mesozoic Lower
Cretaceous Yixian Formation in Western Liaoning. Journal of Jilin University (Earth Science Edition) ,2024,54(6):2089 —
2113. doi:10.13278/j.cnki.jjuese.20240210.

sERUE ARG A SO L N & B 3V 2
K UE TR A B fif )2 5 X

KES L EERN L EML, TERA LT WL AL, WA
1. FMRR 2 MR Bl 2 25 B . KA 130061
2. PO AT BB R STAE A | L db st 100028

WE: 5MEXZXKLEBABMRLGETLAM AEEGTAN DL EFNAEZNRFEL, &
HEBRPAERKLERFTERRER EEHE IR LRLERGR L EAEXERAR TSR FE
Ao ATEZHBEERTOEALEARLEZABEX,AZE KL B B ABRHIRIT L RBARE, ALK T
ITHARERHRAZ AR ETEL ITREAZOIN BRI ATILE (R BLEF) M &k, 178
W Rt B AR, é’é%%ﬂﬂ9&@7)(%?.5.)\111)5:5’-}{,4%}2:}%’@&Ff—]'—ﬁ"ﬂ(—]:ﬁ{]ﬁ ARYE 5 AR
15 A48 44 A EFE,RHN B 3485 2499 A . BA A, R AR EA, B3 KL o-2 KL o e, iR
TR AL AR Fo R AAR ARG R AR, 45 KL 0 -3 KoL m AR RS AR, K BIR B R B AR, @3 R IE B R
TR Fo B AE B ALARAR K vt B K T R AL AR B R AR, 6L 46 A N5 B AR Fe JR MR R SRR 13 R AR,
KEBETETA, QEAEHRAE, B EDLEERE@EE) G FH IR ABRLA R EAAFIZ R4, X%
JB R AR KL &3 Kol 2 AR 6 B B A AR T AR ARk L o i KoL 2 A, BRT A B E LR (Rm sk
FVR K, K EEE K ToALIE 2R AR L B TR B 2R 4, K EST A K F#IALE R THR
BB M ARBAR A TR A R 69 O AP SR AE B R AT, R AR Fe v i AR 69 T AR G AR P b 4k B B AT

XEBR . K LM EEILE;LEA; THE4 ;I H

doi:10.13278/j.cnki.jjuese.20240210 FE D% S P586;P618.13 XHEFRERE A

Volcanic Facies Model and Reservoir Significance of Mesozoic
Lower Cretaceous Yixian Formation in Western Liaoning

Zhang Jinming', Tang Huafeng', Lei Hangshan®, Bian Haiyue', Jia Wanli®,
Gao Youfeng', Sun Yugqi'

W #E B #2024 - 09 - 29

B2 T8 7 SR EEEK (2000 —) 55 LB 90 A=, 222 A3 1l a8 A0 Al 2 4 )2 77 T B 5T E-mail: 2jm22 @ mails. jlu.
edu.cn

BEEE ERKNAI79—) 5 B2 LA 0, 322 kol b )2 F kL s i 2 255 7 T A9 B9, E-mail : tanghfhe
@jlu.edu.cn

ESTHE . &8 TSI LI H (20230203107SF) ; B 5 [ S8 B2 24 8 K I H (41790453)

Supported by the Key Research and Development Project of Jilin Province (20230203107SF) and the Major Project of

National Natural Science Foundation of China (41790453)



2090 WOMROK 2 G Bk OB 22 O 554 3

1. College of Earth Sciences ,]ilin University ,Changchun 130061 ,China
2. CNOOC Research Institute Co.,Ltd.,Beijing 100028, China

Abstract: Lithofacies model is an important basis for the study of volcanic oil and gas reservoirs and
has important guiding significance for reservoir prediction and oil and gas reservoir evaluation. A major
breakthrough has been made in Mesozoic volcanic rocks in Bohai Sea. With the deepening of exploration
work, the inapplicability of volcanic facies models in other regions has become prominent in this area. In
order to establish the volcanic facies model of Lower Cretaceous Yixian Formation in Bohai Sea, it
provides a basis for the exploration and development of volcanic oil and gas in this area. There are
abundant outcrop data in western Liaoning. Based on outcrop geological survey, the lithology,
lithofacies and reservoir physical properties are comprehensively studied by means of rock and mineral
identification, major and trace element analysis, particle size analysis and surface porosity analysis. The
results are as follows, there are two kinds of volcanic emplacement environments in the Yixian
Formation of western Liaoning Province: onshore and underwater. According to the classification
scheme of five facies 15 subfacies 44 microfacies, three facies five subfacies nine microfacies are
identified in this study, which are volcanic pyroclastic flow subfacies crater-near crater microfacies, base
surge subfacies crater-near crater microfacies, near source microfacies and far source microfacies;
Effusive facies subaerial lava flow subfacies simple lava flow microfaciesand composite lava flow
microfacies, effusive facies subaqueous lava flow subfacies composite lava flow microfacies and
autochthonous debris accumulation microfacies; Extrusive facies lava dome above water subfacies core
microfacies. From high to low, the reservoir surface porosity is explosive facies, effusive facies and
extrusive facies. The physical properties of the volcanic crater-near-volcanic microfacies of the pyroclastic
flow subfaciesare better than those of the volcanic crater-near-volcanic microfacies of the base
surgesubfacies, and the total surface porosity is larger. Effusive facies subaqueous lava flow subfacies
autochthonous debris accumulation microfacies in nine identified microfacies have the best reservoir. The
subfacies aspect ratio of effusive facies and extrusive facies is better than that of small reservoirs.

Key words: volcanic facies; reservoir; surface porosity; Yixian Formation; Lower Cretaceous;
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Fig.1 Schematic diagram of North China craton structure (a) and simplified geological map of the study area (b)
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Fig.2 Lithological characteristics of pyroclastic rocks of Cretaceous Yixian Formation in western Liaoning

bW, & AR B (B 3e) . EFXTEERIE A 3D,
TR B s T e TIE, MW ER 0,05~ 2.1.3 Bmak
0.30 mm S FLFIE A BE &b BER 4549, & 8 Lo DA AT S 5 LR R LA 2 s LT
Yoy FARFRIF B 500 B ORI DGR A (BT RALIBUE MB B s Ao . Kl ilig R e



2094 WOMOR A R GH BR OB O

5% 54 &

RS

a. R FE L2 LG A BRI L R TN AL s b B ST BRI A B L ST O R BT A T R B BT e, B W R Sk VR S0 A
BEIIE TR F BRI P8 AL 5 . TR BB R B R A 5 e VR B AT L RAL R s e, Tl 8 Sk TR SUBUBE IR A L RN AR 2 L R
TSRS B £, BRSO BE R PR B S A ORI A AL bod B ZE O B it AT N IE S RDOG . V. AL Br. M Bk

E3

TAMREERNEHNLFEERS S ERFE

Fig.3 Lithology characteristics of pyroclastic lava of Cretaceous Yixian Formation in western Liaoning
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Fig.4 Lithologic characteristics of lava of Cretaceous Yixian Formation in western Liaoning
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Table 1 Major element analysis data of volcanic rock samples from Yixian Formation in western Liaoning
we/ %
A LO/%
SiO; Al, O TiO; Fe; Oy FeO CaO MgO K;0O Na; O MnO P, 05
JSZ -1 59.91 16.54 0.69 5.41 0.36 1.89 1.30 2.51 7.61 0.06 0.25 3.23
1SZ -3 62.50 17.41 0.69 6.33 0.04 0.27 0.47 2.81 7.66 0.05 0.05 1.49
JSZ -4 64.63 15.59 0.79 5.60 0.23 0.66 1.00 2.67 5.25 0.08 0.09 3.20
JSZ -8 52.94 16.08 1.38 6.91 2.13 91 4.33 1.84 5.96 0.13 0.44 3.49
JSZ -9 54.79 15.67 1.43 6.49 1.90 3.75 4.40 2.13 5.68 0.08 0.26 2.99
JSZ-10 54.99 15.40 1.50 7.35 1.60 3.33 4.21 2.04 5.34 0.09 0.31 3.42
JSZ-12 49.57 18.69 1.57 8.81 0.68 4.69 1.89 3.53 3.70 0.44 0.47 5.62
7]Z-1 52.25 14.23 1.78 7.16 2.34 .93 4.00 3.11 5.06 0.17 0.79 2.66
Z]Z-2 57.71 14.86 1.89 7.39 1.09 4.08 2.14 2.09 7.02 0.13 0.31 0.98
MSM -8 79.94 12.98 0.23 0.59 0.08 0.24 0.23 0.71 0.04 0.01 0.10 4.74
FJT-1 57.90 17.03 0.81 5.33 1.94 4.30 2.73 2.62 3.93 0.10 0.31 2.57
FJT -4 66.43 16.39 0.69 4.73 0.37 0.20 0.64 3.94 2.77 0.04 0.10 3.51
FJT-5 66.86 18.10 0.37 1.94 0.63 0.26 0.43 6.52 1.27 0.01 0.09 3.20
FIT-6 51.47 22.52 0.87 7.21 0.50 0.91 1.55 5.81 1.99 0.20 0.23 6.48
WET -1 71.45 12.11 0.77 2.45 0.79 1.55 1.08 2.86 2.44 0.07 0.10 4.06
WET -2 58.40 18.73 1.54 2.33 2.05 5.18 1.15 3.42 4.77 0.07 0.35 1.53
WFT -3 58.37 18.90 1.49 2.38 1.93 5.21 1.08 3.36 4.77 0.07 0.32 1.64
SBH -1 67.93 14.66 0.76 3.65 0.75 .05 1.46 2.58 1.99 0.06 0.04 4.83
SBH -2 70.93 15.35 0.40 1.69 0.19 22 0.51 4.41 3.43 0.02 0.04 1.60
SBH -3 71.09 14.90 0.40 1.73 0.24 14 0.64 4.08 3.11 0.02 0.04 2.38
SBH -4 68.75 15.28 0.38 1.72 0.38 61 0.56 4.56 4.10 0.03 0.08 2.28
SBH -5 69.79 14.39 0.45 1.83 0.37 1.82 0.57 4.21 4.01 0.03 0.10 2.17
GSW -2 58.90 18.80 1.53 4.35 0.49 4.48 0.88 3.42 5.16 0.07 0.24 1.36
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Fig.8 Architecture of explosive facies base surge subfacies of Cretaceous Yixian Formation in western Liaoning
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Fig.9 Architecture of explosive facies pyroclastic flow subfacies of Cretaceous Yixian Formation in western Liaoning
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Fig.10 Architecture of effusive facies subaerial lava flow subfacies simple lava flow microfacies of Cretaceous Yixian Formation

in western Liaoning
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Fig.12  Architecture of effusive facies subaqueous lava flow subfacies of Cretaceous Yixian Formation in western Liaoning
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Fig.14 Surface porosity characteristics of Cretaceous Yixian Formation in western Liaoning
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Table 3 Lithofacies characteristics and reservoir significance of Yixian Formation in western Liaoning and Bohai Sea
i EAR HME CETD HME R TED P 25 4 EN A i L/ %6
LR 7RIS Bk JZEN ol 18.00
$i 921 )
B B AR TN UZ R N 12.13
K R ZZRIN BAR RUZ AR el 19.11
M i A K LW R AKT
b e AR 4k LR LAk i R
HUALHE AR
2 K EMES RN ek Hek PN 6.39

T« 2 H R O 78 09 80 20 I F R A it o i B 5 A s LR TR A T T U S B A N R

T T TS 2 M 8 v T I B 48 R 1 R AR R
i K ER )22 A PR Bl L AS IO X A S 9 8 AR
F4 1T FL AR (Rl T 52 3D Wi A0 T W68 Vi AR 55 3D g 1 4
S PHVS U1 I B i s AR 0 A R AR LT L
N R GATAE 22 S M 10 Ry T SR A ) TR 4 7R
S IUATSME | AR 2 AL AR HE i a2 1 A L
TR/INES 23 5 el i T2 0 P ) B SR T Al O 48 7S 1 8
Je KPR A RS L T SEAE T oA A 2R T B P
TR A AL A RS DR 4 2 W = A 1

5 #Hig

DAL LB K s w] o3 o KO s L ki
PRJE M Aa e =280 BE B SR 45 R 3R T Al e
JB G EE A KA RR S | K LA BREE K
BEV T 5 SOV T M o 2 B0 22 L A R e TR
JoE 11 R 5 KA S M 80 o B IR 5 e o A i
e 2l g LT LR S0UA MBS RE S A
Fo A TERM BURRAE L K B OT R AR R BT BF 5 IX
PR e DA e R 2 o L S FE D

2) LB AL I R 6 58 A A il B RTK R PR

P BOAR  SECHE 0 PR R 1S O I A B9 6 )= AT RE 4 T
IR AH AT A A 68 R0 0. W A K
M K 7K T LA A e R )2 9 0 4 K B
PEAR . B TR AR T BERORE A J2=AL T J -
AT ORI PR o K b R KT i
DRI AR i A O AR B 6 R B T R A S
VAR o HHE AR A 8 R KT s S I A S
2 T BE 2 S AF . UK R OK TR S AL A
o5t o TS S AR BRI £ BT R Y 9 RO B % )2 2%
PR K 6 S A N R RO B )= 55 1 B
%,

2 % L Hf (References) ;

(1] EBEHR, BREEH, sk, &5 MDA RIS IR K A
BEZ R AR B R 2 o A LT ] RAAAR Tk,
2015, 35(8): 10— 18.

Wang Pujun, Chen Chongyang., Zhang Ying. et al.
Characteristics of Volcanic Reservoirs and Distribution
Rules of Effective Reservoirs in the Changling Fault
Depression, Songliao Basin[ J ]. Natural Gas Industry,

2015, 35(8): 10— 18.

Fie BUILG 3 A 5 AR 9 BT O) SRR EARIIE (2] gpics. MG BiIA . bR OB O
TR AH CELAE LU 30 Ll 3 35 R 2 8 FORED BB R YRR L)), AR, 2024, 45(1)
PR I VAR CRLAE AL 17 =30 K Ll T ARORD) o W i A 163 - 182.

TR b9 2 U AR L 7 PR A O R 2 A I A TR Xu Changgui» Zhou Jiaxiong. Yang Haifeng, et al.
A FIZK L W% e 7K A 4 2 U A (46 52 B 0 New Fields, New Types and Resource Potential of Oil-
Wi %ﬂ)ﬁﬂﬁﬁiﬁi& SEETSTED J%&*HKJ:%%%’EEME Gas Exploration in Bohai Sea[ J]. Acta Petrolei Sinica,

4y 4 T | e 2 S e 2024, 45(1): 163 - 182.
CNRZAED o B B3 A B R 40 R SOkl B S T A (3] WO, R, T, &5 R AR R

R

3) 1 L A (T 4% 30O 70 A 45 2R R AR BE 5T IX
VAR AR 9 i U2 o e U O i A L 4R AT R 22
HR AR R BRI AR L 30K RO B A
T L 23R Cald 1T 48 30 A0 T FAFE TR AR K 1 =3l ki

G B R AR R E R . DL 19 - 6 $E4T S H R
[J]. #2442, 2021, 95(6): 1889 —1902.

Ye Tao, Niu Chengmin, Wang Qingbin, et al.
Characteristics and Controlling Factors of Large

Bedrock Buried-Hill Reservoirs in the Bohai Bay Basin:



55 6 )

SREEES A5 AL X P A FUR e SCEL A i AR R R B X

2109

[4]

[5]

(6]

[7]

(8]

[9]

A Case Study of BZ19 — 6 Condensate Field[J]. Acta
Geologica Sinica, 2021, 95(6);: 1889 —1902.

SN, MR, B RIE, S BG4 R LA S
ARARAE SR O kL) ], & PRim A0, 2018, 30(1)
112 -120.

Cai Dongmei, Ye Tao., Lu Fengting, et al. Lithofacies
Characteristics and Identification Methods of Mesozoic
Volcanic Rocks in Bohai Seal J]. Lithologic Reservoirs,
2018, 30(1): 112 - 120.

M %, Kamaye T, £, 55, )i 14 75 5 68 1 Ba K
L5 R A S A ) 9 2% R 4 BT LT ). b o A 1 4R
2004, 23(1): 52 - 56.

Xiao

Kamaye T, Hua, et al

Rocks and Their Favorable

Jun, Wang
Characteristics of Igneous
Pool Forming Conditions in Nanpu Sag, Bohai Bay
Basin [ ] ].
Information, 2004, 23(1): 52 - 56.

EBEEL BUTAR. XIJTR, S B IL AH A Ll A 2
R RRAE A Z T SCLT DL 35 MROC 2 2 4l LR 2 50D
2003, 33(4): 449 - 456.

Chi

Geological Science and Technology

Wang Pujun, Yuanlin, Liu Wanzhu, et al.
Volcanic Facies of the Songliao Basin: Classification,
Characteristics and Reservoir Significance[ J]. Journal
of Jilin University (Earth Science Edition), 2003, 33
(4): 449 —456.

WOy, BRI, SRR, AL IDTRHY B R KOS
A Rt B 2 LT AR 5 & . 2014, 41
(6): 671 - 680.

Huang Yulong, Shan Junfeng, Bian Weihua, et al.
Facies Classification and Reservoir Significance of the
Cenozoic Intermediate and Mafic Igneous Rocks in
China [ ] ].
Exploration and Development,2014, 41(6): 671 - 680.
A fd, FHAER, FEEM, . A A K2 ook
B RN R A2 B ()], PR (R B
JZ), 2016, 47(1): 149 - 158.

Liaohe Depression, FEast Petroleum

Yi Jian., Tang Huafeng. Wang Pujun, et al. Types.,
Characteristics and Reservoir Significance of Basic
Lava Flow Units [ ] ]. South
University (Science and Technology). 2016, 47 (1):
149 — 158.

B, ES, N4, . MEE R A0 v — WS A R
R A AR B 25 A A R AR LT ). W AL R 2 2 4R
CHSRBLRR) , 2018, 48(2): 238 - 245.

Jin Jun, Wang Jian, Liu Jin, et al. Characteristic and

Journal of Central

Distribution of  Lithology-Lithofacies of  Deep

Carboniferous Reservoirs in the Ke-Bai Fractured Zone

(10]

[11]

[12]

(13]

[14]

[16]

of the Northwestern Margin in Junggar Basin [] .
Journal of Northwest University ( Natural Science
Edition), 2018, 48(2). 238 — 245.

RN, e, FBEIE, . A KA A o 2
BT AR 5= 3 (IR B 32 O L 2023, 53(6) -
1651 - 1671.

Tang Huafeng., Bian Weihua, Wang Pujun, et al.
Classification and Mode of Volcanic Facies in the
Basin[J]. Journal of Jilin University (Earth Science
Edition) , 2023,53(6): 1651 —1671.

Tang H F, Wang L L, Wu H C, et al. Possible
Geological Interpretation of the Volcanic Seismic
Facies Based on Volcanostratigraphy Elements: A
Case Analysis of the Yingcheng Formation in the
Changling Fault Depression, Songliao Basin, NE
Chinal[J]. Geoenergy Science and Engineering, 2023,
255: 211668.

KA, KL A, SRE TR, I I I S R
(M. dent: Bheg i pdt . 2009,

Zhu Weilin, Mi Lijun, Gong Zaisheng. Oil and Gas
Accumulation and Exploration in Bohai Sea [ M ].
Beijing: Science Press, 2009.

Xiha, Mk, ZBEX. BEEAE=RKLE
KPR LT T o [ A KAz A i CH AR O
2001, 25(1): 22 - 26.

Liu Zhongyun, Xiao Shangbin, Jiang Zaixing.
Volcanic Rocks of Bohai Bay Basin Intertiart and
Their Genesis [ J ]. Journal of China University of
Petroleum (Natural Science Edition), 2001, 25(1):
22 - 26.

EEE, PURAN, AR IR, SE. GV A M SR M R
W4 7 ARHI b 2 B K Ll e AR AR R i 2 R AR LT b BT
4, 2024, 98(6): 1814 - 1828.

Wang Haifeng, Hu Jingsong, Zou Mingzhuo, et al.
Mesozoic  Volcanic Facies Model and Reservoir
Characteristics in the Southern Slope of Laizhou Bay
Depression, Bohai Bay Basin [J]. Acta Geologica
Sinica, 2024, 98(6) . 1814 —1828.

RS, THEIK. £F, E BiEEEE D 19-6 K
RUBEHT S HIE B 5 BB AR L) . A b B 28 5 FF
K, 2019, 46(1). 25— 38.
Xu Yu Haibo,

Changgui, Wang Jun, et al

Formation Conditions and Accumulation

Characteristics of Bozhong 19 — 6 Large Condensate
Gas Field in Offshore Bohai Bay Basin[ ] ]. Petroleum
Exploration and Development, 2019, 46(1): 25— 38.
Ye Tao, Hou

Chen Anging, Mingcai, et al.



2110

BOMK R o RO BR B 2 O %554 %

[17]

(18]

[19]

[20]

(21]

[22]

Lithofacies Characteristics and Controlling on
Volcanic Reservoirs in the Basement: A Case Study
of the Offshore Bohai Bay Basin, Eastern Chinal]].
Journal of Petroleum Science and Engineering, 2022,
209: 109860.

JR e, R, B, SF. DI A b
BZ8 — 3S R T 44 3 HE A AU k1L A A R B B4R AL/
OL]. Hi¥RAl2%.[2024 - 04 — 157, https://link. cnki.
net/urlid/42.1874.P.20240412.1549.002.

Zhou Jiaxiong, Xu Chungiang. Huang Zhi. et al.
Enhanced Formation Conditions of the Large-Scale
Volcanic Reservoir in the BZ8 — 3S Large Volcanic
Structure in Bozhong Sag, Bohai Bay Basin[ J/OL].
Earth Science. [ 2024 — 04 — 15]. https://link. cnki.
net/urlid/42.1874.P.20240412.1549.002,

A, B, 8 A %, iRt 34 -9
i EE L R A B EG G A A VR T LT DL
BURHE A 4R . 2019, 38(3): 208 - 218.

Hu Zhiwei,

Characteristics of Volcanic Rocks and Their Control

Yang Haifeng, Han Zijun, et al.
Actions on Hydrocarbon Accumulation of Bozhong
34 -9 Oilfield in Bohai Sea [J]. Geological Science
and Technology Information, 2019, 38 (3): 208 —
218.

M T BLARSR, SE. W I B R ok
L ATLAS AR A Bl s LT ). Arah 24, 2016, 37
(11): 1370 - 1380, 1434.

Ye Tao, Wei Ajuan, Zhu Chunrong, et al.
Characteristics of “Modified Volcanic Mechanism” in
Basement of Bohai Sea and Its Significance for
Reservoirs[ J ]. Acta Petrolei Sinica, 2016, 37 (11):
1370 - 1380, 1434.

V5. ) I T M T LD O A R B R
WH5E[D]. F & hEA MR A, 2015: 1-83.
Ye Tao. Study on Formation Conditions and Main
Controlling Factors of Buried hill Reservoirs in Bohai
Bay Basin [ D ]. Qingdao: China
Petroleum (East China), 2015: 1 -83.
W HRTAR BRI, A W b A Bkl s
W= 3b B P 2 U s LD, i B
2016, 28(1): 48 —53.

University of

Ye Tao, Wei Ajuan, Gao Kunshun, et al. Logging
Comprehensive Identification Method with Logging-
Geology Data of Mesozoic Volcanic Rocks in Bohai
Sea[J]. China Offshore Oil and Gas. 2016, 28(1);
48 - 53.

WP, BN, EEY, SIS A b MR

[23]

[24]

[25]

[26]

[27]

[28]

PO U v A A L SRR R L], R Tl
2019, 39(5): 15 - 24.

Xie Yuhong, Luo Xiaoping, Wang Deying, et al.
Hydrocarbon Accumulation of Composite-Buried Hill
Reservoirs in the Western Subsag of Bozhong Sag,
Bohai Bay Basin[ J]. Natural Gas Industry, 2019, 39
(5): 15 - 24.

SHEIG FAER, WA T, WG A B A Ak
A 20 A Bl ORUREAE LT 1. A i 5 KR Ui
2012, 33(1): 19 - 29.

Jin Chunshuang, Qiao Dewu., Dan Weining. Meso-
Cenozoic Volcanic Rock Distribution and Reservoir
Characteristics in the Bohai Bay Basin[J]. Oil and Gas
Geology, 2012, 33(1): 19 - 29.

Zhao G C, Sun M, Wilde S A, et al. Late Archean to
the North China

Revisited [ ] ]. Precambrian

Paleoproterozoic Evolution of
Key Issues
Research, 2005, 136(2): 177 - 202.

Yang F, Santosh M, Kim S W. Mesozoic Magmatism

Craton:

in the Eastern North China Craton: Insights on
Tectonic Cycles Associated with Progressive Craton
Destruction [ J |. Gondwana Research, 2018, 60:
153 - 178.

EF, TR, MR, S5 I 7 ROR X SR Y
WA BE I RRAE [T, Hb A4k, 2012, 36(1): 116 -
124.

Wang Yulin, Jia
Characteristics of Volcanic Eruption Cycles in the
Yixian Formation in the
Liaoning[J]. Journal of Stratigraphy, 2012 ,36(1):
116 —124.

gkt A AL ZE M e S K B T R SCH 28 ok s A R R
fiE BOSRALAELT ], A5 RAR M. 2013, 34(4)
508 - 515.
Zhang  Bin.

Cui, Zhong Mishan, et al.

Fuxin Area, Western

Characteristics and  Hydrocarbon

Accumulation Patterns of Volcanic Rocks in the Yixin
Formation Zhangqiang Depression, Southern Songliao
Basin[J]. Oil & Gas Geology, 2013, 34(4): 508 —
515.

TALAR, AR, L. T R RIE T
ALK -T2 % L R g (M. s B i R
S RRAE, 20161 - 331.

Zhang Lidong, Yang Yajun, Zhang Lijun.
Comparison Research of the Volcanic-Sediment Strata
Between the Yixian Formation from Western
Liaoning and the Dadianzi Formation from Northern

Hebeil M ]. Wuhan: China University of Geosciences



55 6 )

SREEES A5 AL X P A FUR e SCEL A i AR R R B X

2111

[29]

[30]

[31]

[32]

[33]

[34]

[36]

Press, 2016: 1 - 331.

WTAXE)ZE RS . R X X 2RI
T MM JEat: Mo Bt Rkt 1978 82 — 164,
Geological Strata Map Compilation Team of Liaoning
Province. Regional Geological Strata Map of
Northeast China-Liaoning Province Subvolume[ M .
Beijing: Geological Publishing House, 1978. 82 —
164.

Yang W, Li S G. Geochronology and Geochemistry of
the Mesozoic Volcanic Rocks in Western Liaoning:
Implications for Lithospheric Thinning of the North
China Craton[]] Lithos, 2008, 102 (1/2): 88 -117.
AR, 17 V9 F S 2H M )2 ot s LR AE (D] K
. AR, 2004 6 -78.

Xing  Dehe. Paleogeographic

Stratigraphy  and

Characteristics of Yixian Formation in Western
Liaoning Province[ D]. Changchun: Jilin University,
2004:6 - 78.

Kz, 2RI, B2, F L ILER CE X
BAG A X WATFR )] # FT@E R, 2004, 23(8):
766 —7717.

Wang Wuli, Li

Study  of

Zhang Hong, Zhitong, et al.

Comprehensive  Correlation Yixian
Formation in Beipiao and Yixian Area, Northwest
Liaoning Province[ ]J]. Geological Bulletin of China,
2004, 23(8): 766 -~ 777.

SRTAE. db 5 — SO i X SCEL 4 B0 AR
TEBH  ZRAE R 22, 2007,

Zhang Yanan. Sedimentary Environment Analysis of

in Beipiao-Yixian Area [ D J.

B Hr[D].

Yixian Formation

Shenyang: Northeastern University, 2007.

VRVL. AL PG ZE— S H b X 20 3 )2 4 Al 5[ D .
B AR K2, 2014,

Xu Jiang. Stratigraphic Correlation Study of Yixian

Formation in Beipiao-Yixian Area, Northwest

Liaoning [ D]. Shenyang: Northeastern University.,
2014.
WwEH, Bk, R

TR, LTEH MK LEH

AR AR S ke [l R 2 [ . it 5 %R, 2014,
23(1): 21 -26.
Pan  Yuqi, Huang Zhian, Wu Zijie, et al.

Characteristics of Volcanic Rocks and Division of
Eruption Cycles of the Yixian Formation in Fuxin,
Liaoning Province[]J]. Geology and Resources, 2014,
23(1): 21 -26.

B, EWR. REE, % CHEHPAERLZE
JPOI AR [J]. M2 #2435, 2020, 44(3): 299 -

[37]

[38]

[39]

[40]

[41]

[42]

309.

Li Xiaobo, Wang Yini, Liang Chenyue, et al.
Mesozoic Stratigraphic Sequence and Characteristics
in Southern Western Liaoning Province, Northeast
China[ J]. Journal of Stratigraphy, 2020, 44 (3):
299 - 309.

KL, Ry, EEE. 17 SCE 2 R Al A R
R, HFGE R, 2004, 23(8): 799 - 801.

Zhang Lijun, Gao Keqin, Wang Lixia. New Discovery
of Salamander Fossils from the Yixian Formation in
Western Liaoning[ J]. Geological Bulletin of China,
2004, 23(8): 799 —801.

e, BeE M, RIESC. ML L AR Be— 10 P M X
THE R 50 o A A g L) ). s AR R, 2001, 75(3):

322 - 332.

Yang Geng, Chai Yucheng, Wu Zhengwen. Thin-
Skinned Thrust
Liaoning in the
Orogenic Belt[J]. Acta Geologica Sinica, 2001, 75
(3): 322 —332.

TUsE, REME, A, F. BB A MR B Al
A5 PR Tt v LI R ) R B R SR R (. b BT AR

2022, 96(11): 3977 —3993.

Nappe Structures in Western

Eastern Sector of the Yanshan

Jia Jianliang, Wu Yanjia, Yang Di, et al. Discovery
and Accumulation Mechanism of Early Cretaceous

Volcanogenic Buried-Hill Reservoir in the Fuxin Basin

[J]. Acta Geologica Sinica, 2022, 96 (11). 3977 -
3993.
K H A HR Y% Wk s, . LT R A

e 5 AR F (1], Bk, 2002, 47
(17): 1335 —1340.
Shao Ji’ Pan Yongxin, et al.

Zhu Rixiang, an,

Paleomagnetic Determination and Intracontinental
Rotation of Cretaceous Volcanic Rocks in Western
Liaoning [ J ]. Chinese Science Bulletin, 2002, 47
(17): 1335 —1340.

BRIEZ, RE, FE5, & DR A ks
Wt O K R 3R AR AR BT LD ], v T e b IR
2010, 22(12): 1 -6.

Cai Houan, Xu Debin, Li Baofang. et al. A Study on
Early Cretaceous Volcanic Effusion Periods and
Isotope Chronology in Western Liaoning [J]. Coal
Geology of China, 2010, 22(12): 1 6.

ARG, AR, ER R, L LW LR kLA
9B AS 45 AR K HR R R [T, AR BT, 1994, 8
(4); 441 —451.

Zhang Zhaochong, Li Zhaonai, Wang Fubao, et al.



2112

BOMK R o RO BR B 2 O %554 %

[43]

[44]

[46]

[47]

(48]

Essential Characteristics of Volcanic Rocks and
Discussion on Their Genesis in Yixian Basin, Western
Liaoning[J]. Geoscience, 1994, 8(4) . 441 —451.
K HINBT, BROC, L DL E LB L H
A TR 2 0L A9 45 I8y S o LT ). e [ s, 2005, 32
(4): 596 —603.

Zhang Hong, Liu Xiaoming. Chen Wen, et al. The
Age of the Top of the Yiyuan Formation in Beipiao-
Yixian Area, Western Liaoning., and Its Importance
[J]. Geology in China, 2005, 32(4): 596 — 603.
RSN, BRAEE, T AkLL, S LTI FH KA R
H¥ELG L B4kl LA - ICP - MS 84 U - Pb 4
e K o 5 5 LY. St i 4. 2020, 39(5): 659 —
669.

Li Xiaohai, Chen Shuwang, Ding Qiuhong, et al.
LA -ICP - MS Zircon U - Pb Age of the Volcanic
Rocks of the Lower Cretaceous Yixian Formation in
the Xiushui Basin of Northern Liaoning Province and
Its Geological Significance[ J]. Geological Bulletin of
China. 2020, 39(5): 659 — 669.

Middlemost E A K. Naming Materials in the Magma/
Igneous Rock System [ J]. Earth-Science Reviews.,
1994, 37(3/4): 215 - 224.

Zhang C, Quan ] Y. Zhang Y J. et al. Late Mesozoic
Tectonic Evolution of the Southern Great Xing’ an
Range, NE China: from  Whole-Rock
Geochemistry, and Zircon U - Pb Ages and Hf
Isotopes from Volcanic Rocks[J]. Lithos, 2020, 362/
363: 1-18.

WEW, %, £, 5. MU R I 7EH T
A BT T A o - DL ST IR 22 07 46 V4 3 X e
S&MNEILT]. PEMBE. 2012, 39(2): 382 - 389.
Fan Yuhai, Qu

Application  of

Evidence

Hongjun, Wang Hui, et al

Trace Element Analysis in
Distinguishing Sedimentary Medium Environments:
A Case Study of the Late Triassic in the Central Area
of Western Ordos Basin[J]. Geology of China, 2012,
39(2): 382 —389.

X, B k. R, 45 BlRH KT i mi kA
FH B TG 5 4 U5 IR 5 el - DR I 45 3 1R K
B I 0 B Sl S T 0. b I RE 2 R R A
2014, 44(12). 2637 — 2644.

Shan Xuanlong, Li Jiyan, Chen Shumin, et al.
Subaquatic Volcanic Eruptions in Continental Facies
and Their Influence on High Quality Source Rocks
Shown by the Volcanic Rocks of a Faulted Depression

in Northeast Chinal J].Science China: Earth Sciences,

[49]

[50]

[51]

[52]

[53]

2014, 44(12). 2637 — 2644.

B, B4, NEFR. WK T B R KL
AR RD RRAE S A 7 S DA AL 73 b Pl B A T AR b
XHERNFILI] AR5 IF &, 2023, 50(4):
719 - 730.

Shan Xuanlong, Mu Hansheng, Liu Yuhu, et al.
Subaqueous Volcanic Eruptive Facies, Facies Model
and Its Reservoir Significance ina Continental
A Case from the Cretaceous in

NE

Lacustrine Basin:
Chaganhua Area of Southern Songliao Basin.
Chinal[ J]. Petroleum Exploration and Development,
2023, 50(4) . 719 —730.

skeHe, BPEE, EBEM, B B SRR KILER
DX 930 B G o A 23 A 5 W« DA 3T 4 8 IR Sl B [T .
R A A (B BR B2 D, 2005, 37(6): 1259 -
1265.

Zhang Yan, Shu Ping, Wang Pujun, et al
Comparison Between Subaerial and Subaqueous
Volcanic Rocks and the Reservoir Significance:

Taking Yingcheng Formation in Songliao Basin as
Example [ J]. Journal of Jilin University ( Earth
Science Edition), 2005, 37(6): 1259 — 1265.
MR, B4, &6, 4 kil Rl b5 KF B
BRI B S RO B D7 L) DL DU SRR, 2022, 40
(3): 599 -615.

Wu Hongmei, Chen Yajun, Meng Pengfei, et al.
Discrimination Method of Oxidation Index of Volcanic
Rock in Land and Underwater Eruption Environments
[J]. Acta Sedimentologica Sinica, 2022, 40 (3):
599 - 615.

Py Y A T N S i L - S
LA RRAE S TE 3R b R AR 2 0 0 e DR R 0 W A
Mo S IR b e e Al m LT AR AR Aok
4R, 2021, 45(6): 41 -51.

Wu Hongmei, et al.

Liu Decheng, Chen Yajun,

Characteristics and Element Geochemical
Discrimination of Subaerial and Subaqueous Volcanic
Rocks: Taking the Upper Carboniferous Volcanic
Rocks of Malang Depression in Santanghu Basin in
Xinjiang as an Example [ J]. Journal of Northeast
Petroleum University, 2021, 45(6): 41 -51.
X, SRR, A, S A SOl A A PRI R
FEAE LR 2 KK TR W L A AR BT R [T . 3 bk
K2 Gl BRBEE RO . 2024, 54(3): 721 - 734.
Shan Xuanlong, Zou Yujie, Yi Jian, et al. Progress
Facies: New Results of

of Basin Volcanic

Intermediate-Mafic Volcanic Lava and Volcanic Facies



55 6 )

SREEES A5 AL X P A FUR e SCEL A i AR R R B X

2113

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Eruption [ J J. of Jilin
University (Earth Science Edition), 2024, 54 (3):
721 -1734.

EHEE, BEE, X7k, & MITABEE LA
fitt )2 5 MR AR A R AR ok IR LT DL 53t BT, 2007,
26(3): 319 — 325,

Hou Qijun,

of Subaqueous Journal [62]

[63]

Wang Pujun, Liu Wanzhu, et al.

Characteristics of Volcanic Facies and Genesis of
Natural Gases in Deep Songliao Basin. NE Chinal ] ].

Global Geology, 2007, 26(3): 319 - 325.

[64]

Wang P J, Chen S M. Cretaceous Volcanic Reservoirs
and Their Exploration in the
Northeast Chinal J]. AAPG Bulletin, 2015, 99(3) .
499 - 523.

EBERH, RAME . JEBU] . AF. AAIL Z i Ll AR < A
Fe B S Ew e R RO ERKRE R
G BRBLE IO, 2006, 36(5): 805 - 812.

Wang Pujun, Wu Heyong. Pang Yanming, et al.

Songliao  Basin,

Volcanic Facies of the Songliao Basin: Sequence, [65]

Model and the Quantitative Relationship with

Porosity & Permeability of the Volcanic Reservoir
[J]. Journal
Edition) , 2006, 36(5): 805 - 812.
Tang H F, Zhao X Y,

of Jilin University ( Earth Science
Liu X, et al. Filling
Characteristics, Reservoir Features and Exploration
Significance of a Volcanostratigraphic Sequence in a
Half-Graben Basin: A Case Analysis of the Wangfu
Rift Depression in Songliao Basin, NE China [ ] ].
Marine and Petroleum Geology, 2020, 113: 104 —
128.

HBRFL 2 R FE Mg 25 <5, bR BR % K M. Jbat .
Mo HH AL, 2006 11173,

Editorial

[66]

[67]

Committee of Geosciences Dictionary.

Geosciences Dictionary [ M ]. Beijing: Geological
Publishing House, 2006 1-1173. [68]
Neyendorf K K E, Mehl Jr J P. Jackson ] A.
Glossary of Geology [ M ]. 5th ed. Alexandria:
American Geosciences Institute, 2011: 1 —3587.
Fisher R V, Schmincke H U. Pyroclastic Rocks[ M ].
Heidelberg: Springer, 1984 . 59 — 265.

Lockwood ] P, Hazlett R W. Volcanoes: Global
Perspectives [ M ]. New Jersey: Wiley-Blackwell,

2010: 1 -539.

Walker G P L. Compound and Simple Lava Flows and
Flood Basalts[ J]. Bulletin Volcanologique, 1971, 35
(6): 579 - 590.

Watton T J, Wright K A, Jerram D A, et al. The
Petrophysical and Petrographical Properties of
Hyaloclastite Deposits: Implications for Petroleum
Exploration[ J]. AAPG Bulletin, 2014, 98(3): 449 —
463.

JEAE R, FFETE, Ben K, 55, 7K T WE & kLl 4 8 2 6
JEHRAE B = B E : LLBT P 2% Taranaki 730 Hb g
Kora KL @I [J]. #2412k, 2021, 28 (1) 375 -
387.

Tang Huafeng, Wang Hanfei, Ben K, et al
Characteristics and Controlling Factors of Reservoirs
of Subaqueous Pyroclastic Rocks: An Analysis of the
Miocene Kora Volcano in the Taranaki Basin, New
Zealand[ ] ]. Earth Science Frontiers, 2021, 28(1):
375 - 387.

KA, XU, RICA, SF. KR SO IE A AR S5 4
2RI 2 S DL SCEL b X S R SC R A o LT ]
R BT, 2024, 43(2): 255 - 262.

Zhang Ying, Liu Zhifeng, Zhu Wenqi, et al. Facies
Architecture and  Reservoir  Significances  of
Subaqueous Lava Flow: A Case Study of Cretaceous
Yixian Formation in Yixian Area[]J]. World Geology,
2024, 43(2): 255 - 262.

Peterson D W, Tilling R I. Lava Flow Hazard [ M]//
Sigurdsson H. Encyclopedia of Volcanoes. New
York: Academic Press, 2000: 957 - 971.

RN, EBEIE, Mfhfe, B KA )Z BT
BIERCT]. A2, 2020, 41(12): 1744 - 1773,
Tang Huafeng, Wang Pujun., Bian Weihua, et al.
Review of Volcanic Reservoir Geology [ J]. Acta
Petrolei Sinica, 2020, 41(12). 1744 —1773.

FORA, WR, R, S5 MR AL A R
KA B R B R R E R R P EE LA,
2021, 33(3): 48 - 57.

Wang Chenjie, Zhang Xintao, Xu Chungiang, et al.
Development Characteristics and Main Controlling
Factors of Mesozoic Volcanic Reservoirs in Northern

Bozhong Sag[]J]. China Offshore Oil and Gas, 2021,
33(3): 48 - 57.



